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I. Operation Highlights and Associated Activity

The present Argonne Tandem-Linac accelerator has operated in a
reliable manner during the past year. The accelerator system provided 4402
hours of experimental beam time with a wide variety of heavy-ions. Figure 1
shows the beams which have been provided during the past year. ..New beams
accelerated by the linac include 300 MeV 82Se and 390 Mev 109Ag. In tests,
the tandem accelerated 102 Me? 1 2 7I. This is the heaviest beam ever
accelerated by the Argonne tandem.

The long-term performance of the niobium resonators appears to be
good. No significant degradation of performance has been observed for most
resonators over many years of use with the exceptions of problems caused by
catastrophic vacuum accidents.

Resonators whose performance has deteriorated after vacuum accidents
have recently been restored to their original performance state by a simple
technique. The technique used is to rinse the interior of the resonator with
a sequence of baths of solvents and water. The details of the sequence are
still undergoing development but do not appear to be crucial. This discovery
suggests that resonator deterioration in such cases is due to foreign material
becoming attached to the interior surfaces of the resonator, such as dust or
pump oil, which can be easily removed [1].

The overall resonator performance during the year of all on-line
resonators is shown in Figure 2 where the average best field used during any
month is plotted. The fields used for operation are approximately 10% lower
than the maximum fields which can be obtained in order to keep reliability
high. For the year, the average "best field" was 2*80 MV/m for low beta
resonators and 2.58 MV/m for high-beta resonators. We lieve these good
average fields can be improved since the average field arformance has been
limited by a number of factors which have understood solutions. First, the
effort required to complete the ATLAS project has reduced our focus on
obtaining optimum operation from the existing system, i.e. conditioning
resonators has had a lower priority than is desirable for best performance.
Second, the cryogenic system has limited thv performance of the linac. The
limitations are partially due to problems of contamination in the system,
partially due to cryogenic hardware problems at certain resonators, and
partially due to the intermediate point in the evolution to ATLAS that the
cryogenic system has been operated in during the year. Third, operation
accidents, mostly catastrophic vacuum failures, have deteriorated the
performance of some resonators over the past few years. Again, construction
priorities have not allowed us to focus on fairly simple maintenance
procedures which have often proven effective in improving resonator
performance.
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The beam time structure provided by the linac is a valuable
parameter in experiments for mass Identification purposes. In order to make
better use of the time structure, It became desirable to extend the beam bunch
period beyond the 20.6 ns provided by our pretandem harmonic buncher. At the
same time it is desirable to maintain beam intensity and also to provide the
shorter bunch period when minimum pileup effects are more important than long
bunch periods. In January, 1984 a new harmonic bunching system was installed
which is capable of operating with a fundamental frequency of either 48.5 Hhz
or 12.125 Mhz giving pulse periods of 20.6 ns or 82.4 ns respectively. The
new bunching system operates with only three harmonics in either mode
(including the fundamental) rather than the four harmonics employed in the old
system [2]. The new system is capable of providing bunches with FWHM of from
.8 - 1.5 ns for all beams tested to date (up to ®2Se). Bunching efficiency
for 12C is 77% In the 48.5 Mhz mode and 70% In the 12.125 Mhz made. The
system is now in regular operation.

One of the more interesting runs during the year from an accelerator
point of view was the deacceleratlon of beams of 160 to an energy of 0.375
MeV/A and 28Si to 0.385 MeV/A in test runs. These tests were to demonstrate
the potential for a llnac of the ATLAS type to provide relatively slow beams
of highly stripped ions for experiments in atomic physics. The details of
thtse tests are presented in a separate paper in the linac workshop.

The linac control computer, a PDP-11/34, has been upgraded as part
of its evolution into the full ATLAS control system. A device known as a
MEGABOX from Able Computer was added which allows the 11/34 to address a 22-
bit address space making the 11/34 essentially a PDP-11/44. The system now
contains one megabyte of memory which can be expanded to four megabytes. A
number of early problems occurred which have now been solved. Most of those
problems were software related and due more to the lack of a systems expert
who understood our paticular configuration rather than hardware problems wi^h
the MEGABOX. In retrospect, it now appears that the MEGABOX has performed
essentially flawlessly.

II. ATLAS Construction Status

Overview

The ATLAS construction project is on schedule and should provide the
first test beam in April, 1985. An experimental program is expected to begin
in the summer of 1985. The new building is complete and beam lines are being
erected in the new target area. Initial focus for this activity is to
construct beam lines shown in Figure 3 for the: 1) gamma-ray high-spin studies
area, 2) split-pole spectrograph, 3) large scattering facility, and 4) general
purpose beam line.

Expansion of the cryogenic system is approaching 80% completion.
The largest remaining task is the connection of the new components to the
existing system. Another major Item in the cryogenic system is the purchase
of a new refrigerator which will provide an additional 150 watts of cooling at
4.5K, bringing the total refrigeration capacity at ATLAS to 550 watts. This
new refrigerator will be installed in late summer of 1985.



The cryostat fabrication for the accelerator is complete and the
first cryostat of the expanded accelerator with a full complement of new high
beta resonators is on-line in use in the third cryostat location since
January, 1984. Cryostat fabrication for two superconducting rebunchers in
ATLAS is complete and assembly is approximately 80% complete.

High Voltage Injector

A new high resolution 300 kV injector for the FN tandem is planned
for installation during the summer of 1985. The injector will utilize a
second-order corrected 90 degree bending magnet and will be designed for a
mass resolution of Atn/m « 1/300. Contracts have been signed for most of the
major components including the high voltage platform, high voltage supply, and
magnet. The high resolution will be desirable for heavy nuclei with multiple
stable isotopes, such as Sn, which will be used with the ATLAS accelerator.
The present injectors for the tandem have a mass resolution of only Am/m " 5 5 ,
which is inadequate for the heavier ions. Also, a higher injection energy is
required to maintain the harmonic buncher performance. The design allows the
desired isotope to be analyzed before preacceleration to 300 kV thus reducing
the X-ray production. If the source is capable of copious output of a
particular ion, the injector can be used to inject rare isotopes such as Hi
produced from natural material.

The specifications of the injector are given in Table I, and the
layout is shown in Figure 4.

Control System Improvements

Enhancements to the existing linac control system are being
constructed for ATLAS. The modifications are designed to improve performance
as well as to allow for the control of all beamline elements of the expanded
accelerator. Experience with the existing console has produced a desire for a
larger number of assignable controls as well as faster movement between
control functions. The new system will add four additional controls. These
are increase/decrease buttons instead of the familiar "potentiometer-like"
rotating knobs and are assigned to the appropriate device through a touch-
screen overlaid color graphics display. A future requirement is the ability
to expand the control console with parallel units at remote locations to allow
a second console to be installed in the ATLAS data acquisition area. This
capability is being designed into the console software and will allow users to
tune beamlines and rebunchers, read and control Faraday cups, slits, and beam
profile monitors, and to change beam energies.

A PDP 11/23 minicomputer is networked with the linac booster's PDP
11/34 and the existing camac serial highway. The 11/34 maintains it's present
function as the primary control for the linac itself, while the 11/23 will
manage the console for the new ATLAS beamlines. Each computer can
Independently access the highway to read or write to any controllable device
through the Unibus main or Q-bus auxilliary crate controller respectively, and
a DMA channel exists for interprocessor communications.



Additionally, certain selected camac crate locations with heavy
processing requirements have local Falcon 11/21 microprocessors which reside
in Kinetic Systems model 3921 auxilliary crate controllers. Immediate tasks
for these microprocessors are cryogenic system monitoring and ion source
control. Prototype versions of both systems are operating offline at this
time. Ideally, a networked multiprocessor system would most easily be
configured as a ring network rather than a star network, but our particular
implementation was constrained by the large installed base of hardware and
software. The design is shown in figure 5.

III. Current Resonator Status

Split-ring Resonators

For ths ATLAS accelerator, a split-ring resonator useful for
particle velocities up to 0.25c was developed. This was accomplished
primarily by increasing the frequency of operation of the existing H-type
resonator. At the same time, in the initial version of this resonator, the
drift-tubes were redesigned to substantially decrease the surface electric
field. This was done in hope of obtaining higher accelerating gradients. In
order to accomodate the larger drift-tubes, an elliptically-sectioned loading
arm was required.

However, after building and testing three such resonators, we found
that electron-loading was not reduced with respect to the H-type, but in fact
was slightly worsened. Thus a simpler version (V-type) of this resonator was
made by simply shortening the inductive loading arms of the H-type design
until the desired frequency was obtained. The surface electric field was
unchanged by this procedure, and the surface magnetic field increased by about
40-%. However, since we are very far from the rf magnetic field limits of
superconducting niobium, the increase in this parameter had no appreciable
effect on performance. Performance of the V-class resonator, shown in Figure
4 curve V, is significantly better than for the S-class, even though the
surface electric field is substantially higher. Also, the construction costs
are lower, so that the V-class are being used to complete the ATLAS linac.

Coaxial-line Resonators

Figure 6 shows the several components of a X/4 coaxial-line
resonator before final welding. Design and construction of this resonator was
stimulated by the work of Ben-Zvi and Brennan at SUNY at Stony Brook with a
coaxial-line resonator [3]. The resonator shown extends the Stony Brook
results in two respects: firstly, the superconducting material used is
niobium, rather than lead electroplated onto copper, yielding a resonator of
substantially higher performance; secondly, the optimum particle velocity has
been increased from &Q * v/c = 0.08 to $Q « 0.14. This is a non-trivial
extension, as a proportionally larger resonator is required, which must
support larger rf voltages.

The resonator has an outer conductor made of niobium bonded to
copper and formed into a 8 inch ID cylinder. The center conductor is 13
inches long and tapers from a diameter of 2.5 inches at the base to 1.25



inches where it joins a 4 inch OD drift tube with a 1.25 inch beam aperture.
The resonant frequency is 140 MHz.

Figure 7 curve B shows the performance obtained at 4.2K. The
maximum field level obtained was 4.7 MV/m with 2.8 watts of rf input. A
thermal-magnetic instability caused by a defect on the outer housin limits cw
operation at this level.

The mechanical stability of the resonator is excellent, the static
rf eigenfrequency shift being 5 Hz at Eft « 1 MV/m.

IV. Conclusion

The Argonne Tandem-Linac accelerator has been providing heavy-ion
beams for experimental programs in nuclear and atomic physics since 1979.
Over 17,000 hours of experimental research or machine development has been
logged to date. Niobium superconducting technology has proven to be a rugged
and reliable basis for heavy-ion accelerators and will form the basis of our
future plans both in ATLAS and beyond.

The construction and operation of such a large project as this
requires the efforts of many people for which the authors of this paper are
serving as spokesmen. In addition to our project leader, Lowell Bollinger,
others responsible for major activities are, or have been: J. Aron, R.
Benaroya, J. Bogaty, B. E. Clifft, K. W. Johnson, W. Kutschera, P. Markovich,
J. M. Nixon and M. Vaterson.

This research was supported by the U. S. Department of Energy under
Contract W-31-109-Eng-38.
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TABLE I . High Resolution Injector Spec i f i cat ions

HV Deck

Power Supply

Accelerating Tube

type
manufacturer
design voltage
size
load

type
manufacturer
voltage
current
ripple
regulation

type
manufacturer
model
voltage

air insulated, graded column
NEC
300 kV
10 ft by U ft by 9 ft high
7000 lb

SF6 insulated
NEC
300 kV
2 mA
.01% RMS
.01%

ti tanium-ceramic
NEC
4 x GP
300 kV

Magne t type

manufacturer
model
bending radius
pole gap
mass-energy prod
max field
power
resolution

split pole, 2nd order corrected
90 deg double focussing
General Ionex Corp.
901014LA
14 inches
1.8 inches
10 amu Mev
12.8 kG
9 kW
Am/m = 1/300 for e < 25n mm mr

Isolation Transformer isolation
insulation
output
power

300 kV
SF6
208 VAC, 3 phase, 60 mhz
25 KVA



Figure Captions

Figure 1. Beam provided for experimental programs by the Argonne Tandem-
Llnac accelerator during FY 1984.

Figure 2. The average best resonator performance for on-line resonators.

Figure 3. Floor plan of the ATLAS accelerator facility.

Figure 4. The 300 kV injector planned for construction during the summer of
1985. The east and vest injectors are currently in use.

Figure 5. ATLAS control system expansion.

Figure 6. Components of a coaxial-line resonator before final assembly. The
scale shown is in inches.

Figure 7. Cross-section of a conceptual design for a very low velocity
superconducting resonator. The two high-voltage drift tubes are
driven by a tapered coaxial line.
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